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Dear Reader,
2003 has been a busy year for the Tensile Architecture industry: the Buildtech Symposium Lightweight and Membrane
Construction was organized in Frankfurt (10 April), the Textile Roofs Workshop in Berlin (19-21 June), the Structural
Membranes Conference in Barcelona (30 June - 3 July), the TensiNet Symposium in Brussels and the 1st Konstanzer
Leichtbau Symposium in Konstanz (24-25 October). All events were well attended, which indicates an increasing interest in
Tensile Architecture.
The TensiNet partners are preparing the TensiNet Design Guide. The Draft version of the sections Engineered Fabric
Architecture, Structural Design Basis and Safety Criteria, Design Loading Conditions, Formfinding, Load Analysis and
Patterning, Material Properties, Fabrication, Installation and Maintenance will soon be sent to a group of experts. If you
want to review one of these sections, please contact Jürgen Haase (jhaase@vub.ac.be) or myself
(Marijke.Mollaert@vub.ac.be). The Design Guide will be published in the beginning of 2004.
The funding of the TensiNet Thematic Network will terminate in February 2004. The TensiNet partners are preparing the
continuation of the TensiNet activities (TensiNews, Workshop, etc.) as well as the maintenance of the website and the
database by setting up a European Association, which will be financed by membership fees and advertisements.
The future of TensiNet depends on your input and contributions. More than in the start-up period, the TensiNet activities
and products will reflect what the members provide or ask for.
All suggestions and propositions are welcome.
Marijke Mollaert
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The "numerical" wind blows
on tensile structures
Once the numerical model done,
a volume called “computational
domain” is created above this
latter. This volume is broken up
in small elementary volume
(volume mesh generation) within
each of them the governing
equations are solved.

Many years ago, the advent of
computational methods and
means within the frameworks of
aerodynamic phenomena and
numerical models issued from
physical description laws, which
allows today the use of powerful
Computational Fluid Dynamics
(CFD) tools (initially developed
for aircraft and automotive
industries needs) to solve large
scale flow problems such as
lower atmosphere ones.
The company OPTIFLOW®, in
collaboration with several research institutes, undertook to
adapt these scientific tools to
the reproduction of wind flows
around built structures. Today,
numerical simulation appears to
be an alternative to wind tunnel
tests or to empirical values and
formulas suggested by norms
(EUROCODE, NV65…), which
had proved to be respectively
extremely expensive or insufficiently accurate.
The numerical models are based
on the resolution of the fluid
dynamic governing equations
system by the way of complex
mathematical methods. The in-

Wind flow over a tensile structure footbridge (particle flow trajectories and wind pressure field on its
surface) (by Courtesy of L&M Architects)

On the one hand, geometrical
and wind data suitable for the
studied site are necessary for the
simulation. All elements (topography, occupation of the
grounds, buildings, infrastructures...) supposed having an
influence on the wind flow characteristics to the one approaching the built structure, are
taken into account during calculations. Relative data are obtained from the different actors
of the project. Namely, 3D numerical reproduction of the
structure (given under various
CAD format: DWG, DFX,
IGES…) and on site data (digital
elevation model, vegetation
layer) are integrated within a
numerical model of the studied
zone. Thus, the studied site and
structures are considered through
a 1:1 scale geometric model.

compressible Reynolds Averaged
Navier-Stokes equations associated to an ad hoc turbulent
model are solved. Depending on
the problematic, additional
equations can complete the numerical model. Thus, for HVAC
or pollutant dispersion problems, temperature and/or concentration of various chemical
components can be considered.

The physical conditions
imposed on the boundaries of
this domain define the nature of
the upstream wind. The wind
structure is taken into account
through analytical profiles,
which are characteristic of a
neutral atmospheric boundary
layer. They depend on a
reference mean wind velocity
value and a variable associated
to the surface quality of the
ground, namely the roughness.
These reference values are
selected from the EUROCODE
recommendations or from local
weather data.
Simulations provide values of
the average components of the
various variables (velocity component, pressure, turbulence,
temperature...) in any point of
the space inside the computational domain and on the
surface of the various structural
elements. In particular, they can
reveal the value of the wind
pressure on the complete surface
of the studied structure. It is
then easy, starting from this
accurate local information, to
determine integral variables
values such as the aerodynamic
torque (wind loads,
aerodynamic moments) on parts
or whole of the structure.
The results are presented accor-

Distribution of wind pressure on the external surface of a tensile structure located on the roof of a building
(by courtesy of GROUPE ARCORA)

Wind flow reproduction over a circus capital (particle flow trajectories and wind pressure field on its
external surface) (by Courtesy of CANOBBIO)
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ding to user’s wishes. They can
be put in form as surface pressure colormap or as value tables
of pressure average coefficients.
Forces applied to the beforehand-identified portions of surface can also be furnished. Pressure or local forces can be provided on each node of the mesh
chosen by the engineering and
design department for
structural load calculation. An
appropriate data format
exchange avoids long and
perilous phases of transition
(interpolation, averaging...)
between the given results and
necessary ones for structural
load computation. Without any
manipulation of the data, time
processing can be reduced to
the maximum while ensuring
the best quality data.
The numerical simulations thus
present a certain number of interesting advantages as compared to the traditional
methods of aerodynamic wind
load determination (wind
tunnels):
• Process time and costs strongly
reduced
• Flows reproduced at real 1:1
scale (as well as geometry and
wind velocity) to avoid the
similarity problem between a
flow around a reduced model
and the real size building
• Density and diversity of recoverable information (treated
field variables in any point of
space) through adapted and
provided results to users and
tools needs as well as optimal
visualizations and analyses of
appearing phenomena.
For several years, the company
OPTIFLOW® has applied its
competences to many projects
of buildings and tensile
structures realisations. Active
participation to research
programs allows in-depth
knowledge and experience.
Direct simulation of fluidstructure interaction is one of
the main purposes of the research where wind effects
cannot be neglected to describe
the resultant dynamic
deformation of a tensile
structure.

Bekaert Belt System
A development for Bekaert Steel by the
Institute for Membrane and Shell Technologies e.V. (IMS)
Function
The system shown on the TensiNet Symposium
2003 consists of a PUR-coated belt with several
steel cables and a double-layered ETFE-foil,
inflated with air to form a cushion. The wide
span steel belt works as support for the ETFE-foil,
therefore the distance between the belts depends
on the strength of the used foil.

Generally it will be about 3.00 - 3.50 m, typically
for the used ETFE-foil at present. It is sufficient to
join the foil and the belts in the crossing points, if
cushions are constructed. The whole area of the
covering can be considered as one big cushion. Air
is allowed to pass from one cushion field to the
other. Therefore there are no tube connections
necessary like in constructions with rigid aluminum girders. If small wrinkles are acceptable, it is
possible to renounce the very expensive and complicated patterning. The air pressure in the
cushions and the elasticity of the ETFE-foil enable
the renunciation of the patterning.

and atrium roof of the Festo Technology Center)
are also imaginable as two layered cushions with
prints on the upper foils. The transmittance of the
solar radiation is thereby regulated.
Variations
Investigations are made for a mono-layered, anticlastically shaped ETFE-foil design reinforced with
belts. In contrast to the above-mentioned
proposition it will be inevitable to conjoin the foil
and the belt durably at the whole length. The
belts can also be used with other membrane
materials to reinforce the membrane.

Furthermore a combination of ETFE-foil with
conventional membrane materials (PES, Glass
fibre...) will be developed to implement areas of
shading and non-shading.
Benefits
Many advantages exist compared to conventional
ETFE-Foil-Systems. To mention just some of
them: wide span constructions without rigid
girders, flexible support of the foil on the belts,
the protection against corrosion of the steel
cables due to the PUR-coating and the ease to
handle.

Geometry
It is possible to design double curved anti-clastic
constructions as well as single curved surfaces.
The air pressure of the cushions always
guarantees the stability.
The edges can be stretched by a stiff girder or by
a free-formed edge cable, like in a conventional
membrane construction.
Shading
Multi-layered constructions with 3 or more foils
with different kinds of printing and adjustment of
the air pressure for shading (similar to the façade

www.ims-institute.org

contact@optiflow.fr

3

The 1st Konstanzer Leichtbau Symposium
Three Tensinet partners, Michael
Barnes (University of Bath),
Stefania Lombardi (Canobbio)
and Wolfgang Rudorf Witrin
(Ceno Tec) did present
- within the session ‘basic principles’: the form finding and
analysis of wide span Expo
roofs,
- in the session ‘membranes and
cables’:
• the process from the architect’s
idea to the site,
• the report about the Faro
Stadium

The 1st Konstanzer Leichtbau
Symposium was organized by IPL
(Ingenieurplanung Leichtbau
GmbH) and the Fachhochschule
Konstanz on the 24th and 25th
October.
Since it was organized to highlight
30 years of IPL activities, it was an
event giving an overview of
lightweight building in the past
30 years, and looking forward
with a continuous enthusiasm to
collaborate with designers,
architects and engineers involved
in the different appearances of
Allianz Arena, München: model in the windtunnel
‘lightweight’ constructions.
Important to mention is that the need, recognized within the TensiNet
group, to continue/reinforce research effort in specific domains like
- the specification of wind loading,
- the interaction with snow loading
- the improvement of the building physics characteristics of the fabric
(single or multi-layered) skin
was confirmed by several speakers.
200 participants did attend this event.

Stefania Lombardi’s presentation was a very good and well-illustrated
introduction to the TensiNet Design Guide (which will be published in
2004).
The fruitful collaboration of professional engineers with engineering
students was presented with the projects Festo Technologie Center,
Parkbad Velbert and Olma Messe St. Gallen.
Jürgen Wacker (Wacker Ingenieure) did illustrate for different cases
and for different phases within the montage the results of various
wind tunnel experiments as well as the analysis of the interaction

Gisela Stromeyer did present very sculptural interior structures. With
translucency, expressive curves, multi-layers and light, they seem to be alive.

The Nouvelle Destination Bundespavillon Expo.02

Olympia Stadium Berlin: model with snow

2003 TENSINET SYMPOSIUM REPORT
The Tensinet Symposium,
“Designing Tensile Architecture”
was held in Brussels in September
2003. It was organised by the
Tensinet Thematic Network, a
project that has been financed by
the EU since March 2001 and
that has assembled 22 partners
from 9 EU states.
(http://www.tensinet.com)
Over two days, 24 lectures were
given to 133 participants from
23 countries from the five
continents.
The speakers provided basic
information and discussed
recent developments in the field
of Tensile Architecture, which
includes a whole range of
topics, from design principles to

recent applications and future
research:
1.- Typology
2.- Characteristics and
behaviour
3.- Conceptual design and
reliability
4.- Computer programs,
developments and trends
5.- Patterning
6.- Wind and snow loads
7.- Thermal environments
8.- Materials, including foils
and nanotechnology
9.- Detailing
10.- Applications, including
inflated structures
11.- Teaching lightweight
structures. Experiences
from Munich and Bath.

Dr. Rainer Blum is presenting examples of material used for membrane structures.
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between shape, wind direction and snow. One of his statements, that
the wind engineer should be consulted from the very beginning of the
design process, should be respected much more.
Gerd Schmid (IPL) did show several multi-layer membrane buildings
and did explain the different aspects of heat transmission, damp
diffusion, insulation and so on for the double layer membrane
envelope over the Parkbed Velbert swimming pool. The specific
technological solutions for this case were presented, including the
detailing necessary to cope with large deformations in the
connections between the membrane roof and the glass façade.

A-Motion Tour 1997
(Kauffmann, Theilig & Partner)

It is possible to obtain a 10% translucency insulated envelope
combining a translucent film, laminated glass fabric and PES
insulation.

Bruno Inauen (Inauen –
Schätti) did present the cable
montage of the New Central
Stadium Leipzig. The lecture
explained the installation of the
stadium and mentioned the
tools, they had to design and
fabricate, to allow the proper
tensioning of all cables.

Martin Hübscher (Nüssli) did present some exceptional temporary
buildings in the field of sports-activities (like the Sydney 2000 Bondi
Beach – Beach volleyball) or pavilions (Cycle Bowl at EXPO 2000
Hanover, IAA 2003 Frankfurt Austellungshalle BMW, Swiss Pavilion
at EXPO 2000 Hanover). Despite the time pressure and the short live
span of these buildings, innovative solutions are implemented.

The event brought a lot of
membrane experts to Konstanz:
during the symposium a
younger and an older
generation did meet to share
the passion of lightweight
construction.

Bernd Stimpfle (IPL) did present The Nouvelle Destination Bundespavillon Expo.02 as well as the ‘GEK Balance Wanderausstellung’,
the first being a temporary building (dismantled), the second a
traveling exhibition (from 14.5.2003 to 1.08.2004).
For both shapes the form finding had to be ‘actively’ influenced to
obtain the form the architect had in mind.
Rainer Lenz (Kauffmann, Theilig & Partner) did show several
temporary projects for Mercedez-Benz exhibitions.

Wellington Pool, Gisela Stromeyer

‘GEK Balance Wanderausstellung’

The following case studies,
which covered a wide range of
applications and experiences,
were presented:
- Inland Revenue Amenity
Building, Nottingham
- Technology and Media
Centre, Erfurt
- Mina Valley Tent City
- German Federal Chancellery,
Berlin
- The Grande Arche, La
Défense, Paris
- Camp de Mart Auditorium,
Tarragona
- Lorry Park, Municipal Office
of Waste Management,
Munich
- Dynamic Earth Centre,
Edinburgh
- Bangkok Airport
- Entrance Canopy of the

www.ipl-team.de

-

“Flower Island”, Mainau
Erasmus Subway Station,
Brussels
Water Treatment Plant,
Seine Amont-Valenton.

Marc Veeder Office, Gisela Stromeyer

Parkbad Velbert swimming pool technical detail
Folded Connection

Parkbad Velbert swimming pool technical detail
High Point

Installation of the New Central Stadium Leipzig

PES Insulation Material

Faro Stadium (Ceno Tec)

EALR-GAIA Competition 03-04:

(IN

The Symposium proved the
maturity of Tensile Architecture
as a building system, after
50 years of development and
research, to such an extent that
the Tensinet Thematic Network
has succeeded in activating and
assembling enough experiences
and knowledge to compile the
Tensinet Design Guide, the publication of which is forecast for
2004.
Dr. Josep Llorens,
School of Architecture of Barcelona

A S S O C I AT I O N W I T H T H E

IASS 2004 S Y M P O S I U M )

Jointly organised by the Ecole d’Architecture Languedoc-Roussillon
(www.montpellier.archi.fr) and the Grands Ateliers de l’Isle d’Abeau
(www.lesgrandsateliers.fr), addressing to European students
(architecture, civil engineering or fine arts), this competition will focus
on the performing spaces where nomadic art finds expression. Vector
of communication, the ephemeral and reusable building which has to
be designed is intended to house live performances for about
500 spectators. Technically and economically feasible, this space must
be designed in the spirit of quality, security and durability of the
prevailing norms and regulations in Europe.
The registration closes at January 19th, 2004. The competition is
organised in two stages. In the second one, finalists will be fully
supported to attend a workshop at the Grands Ateliers in France in
April 2004. Prizes of a total amount of 10,000 euros could be
distributed. More details on www.ealr-gaia.org.

ignasi.llorens@upc.es
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The Valenton 2 wastewater purification plant has 10 circular reservoirs (each with a diameter of
55m), 8 are already in use and
2 are being constructed. The objective in extending this wastewater purification plant is to double
the treatment capacity at the
Seine Amont site (815000 m2 in
the Val de Marne) in order to
reach 600000 m3/day, by around
2005. 8.2 million inhabitants in
the Paris region are directly
affected.
The SIAAP (the association of
regional authorities for wastewater disposal in the Paris
region) has taken a stand:
wastewater purification plants
will now be better integrated into
the environment. The SIAAP has
opted at Valenton 2 for a Textile
Architecture solution. Highly
advanced verifications were
made to check the durability of
the material. The SIAAP
consequently took a sample of
the architectonic textile for
thorough analysis before it was
installed. The observations were

The Valenton 2 Site
THE SEINE AMONT FACTORY

based on a retroactive period of
10 years. These specific tests
confirmed the suitability of the
Fluotop®T membrane for the
wastewater treatment
environment. Ferrari has also
carried out analyses on the
ageing impacts of chemical
attacks. Its laboratory tests

involved: the prolonged
immersion in different aqueous
solutions containing NH3 and
H2SO4, the assessment of the
tensile strength, before and after
immersion to evaluate changes in
the canvas’ mechanical
behaviour and the resistance to
hydrolysis (NFG 37 122).

According to Yves Chauvin, the
architect in charge at AFA
(Adrien Fainsilber & Associés)
the project has constantly evolved. Initially, the design was
based around a very simple
structure. But a rigid roof seemed too basic. An optimal
solution was needed from an
architectural perspective. Ferrari’s Fluotop® was chosen to
obtain a high degree of transparency and light throughout
the infrastructure. The extension
of the site is realised with the
same combination of colours
(red metallic structure and white
canvas cover).
The entire complex will be
harmonious, consistent and
uniform. The factory is visible on
the skyline: from the Southern
and Eastern TGV routes as well
as from the motorway (the RN6
diversion). The textile plays
tricks with light and shadows.
The façade, a real showcase,
is lit-up at night.
The starting points for the
project were the linear diagrams

Technical properties Ferrari’s Fluotop®T
Tank roofing
Footbridge roofing
High strength Polyester fabric
1100/2200 Dtex
1100 Dtex
PVC Coating
2 sides
2 sides
Weight/m2
2000 g/m2
1050 g/m2
Tensile strength warp/weft
800/700 daN/5cm 420/400 daN/5cm
Adherence
13 daN/5cm
12 daN/5cm
Reaction to fire rating
M2
M2
Colour
White
White
Pressure coefficient field at the surface of the
membrane at 0º incidence

Five Flow Directions
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Information Centre Power
Station Walchensee
One-layered Transparency

Introduction
E.ON Wasserkraft GmbH, the electricity power supplier, ordered an
information centre at their power station in Walchensee, Bavaria. The
architect Hauschild & Boesel, Munich designed a post free arched
transparent covering.

of the supporting structure.
The covered tanks have a
central ‘Impluvium’ and a
Footbridge (maintenance
pathway).
The major functional
constraints were related to the
penetrating Footbridges. These
pass through different types of
openings in the fabric so as to
allow proper maintenance of
the decantation basins. They
are completely insulated and

Project Description
For this project it was decided to use a single skin ETFE covering. On the
ground plan the distance of the membrane support posts is 1.25m. It is
tensioned across several parallel running tubes, which are archedshaped when seen from the side elevation. It shows a thickness of
0.2 mm and can stand a snow load of up to 165 kg/m2.
The edges of the membrane are shaped like garlands, using stainless
steel clamping plates. Regarding their architectural effect and load
transfer they prove an ideal combination of the advantages of linear
clamping and edge cable.

waterproof vis-à-vis the water
tanks.
The geometric complexity and
the challenge of optimising the
sizing of the various elements,
led to the commissioning of
the OPTIFLOW Company early
on in the project, which made
it possible to determine the
wind effect on the structure by
digital simulation.
Philippe Bariteau (Esmery
Caron) states that this project
will be a reference example
since according to the
European standard all
wastewater purification plants
must now be covered.

The membrane area is protected against wind suction by a specially
designed combination of wind suction stripes and special tubes. Due to
this design screws do not perforate the membrane surface when
fastening the clamping plates, which ensures a long-term use at low
maintenance.
The total foil weight is 180 kg and the weight of the aluminium pipes
approximately 1100 kg. The membrane material chosen proves an
extremely high life expectancy and self-cleaning properties, which cause
almost no maintenance or cleaning. Repairs of deliberately caused
damages can be easily carried out on site at any time.
Bearing structure
The primary structure consists of prefabricated laminated timber
compression arches with a maximum span of 27m.
The foil is stretched over a secondary structure of anodised aluminium
tubes with a diameter of 90 mm, individual lengths of up to 8 m and
supported every 2.15 m. The cross section chosen offers a rear
ventilation of the membrane without causing any condensation.
In order to measure up with this complicated geometry, a heightadjustable galvanized steel post system was designed enabling a height
adjustment of up to 0.10 m. To ensure infinitely variable changes and
the adjustment to the slope angles differing throughout the structure,
flexible rod ends were chosen for the connection to the aluminium rods.

Ferrari@test.fr
Name of the project:

Water treatment plant
at Seine Amont -Valenton
Contractor:
the SIAAP (the association of regional authorities for
wastewater disposal in the Paris region)
Architects:
AFA Adrien Fainsilber & Associés
Engineering & Design consultant: BATEC Consult – Robert Lourdin
Design study of the membrane:
Arcora
Wind pressure analysis:
Optiflow
Construction of the main structure:
Entreprise VIRY SA
Manufacture and installation of the membrane: Entreprise ESMERY
CARON Structures
Duration of work:
August 1999 – July 2005
Supplier of the membrane material:
Ferrari SA
Material:
Fluotop®T
Expected lifetime:
30 years
Covered surface:
Surface area of canvas per tank:
3500m2
Surface area of the exterior membrane:
1900 m2
Surface area of the Impluvium membrane:
1400 m2
Surface area of the Footbridge membrane:
300 m2
Surface area of the Lower Skirt membrane:
200 m2
Total Cost:
38 million Euros (inc. VAT)
Price estimate for the entire roof (framework, canvas and installation) per tank: between 1.20 and 1.52 million Euros (inc. VAT).

www.covertex.de
Name of the project:
Information Centre Power Station Walchensee
Client:
EON Waterpower GmbH
Period of realization:
July 2001 - October 2001
Period of installation:
2 weeks
Architects:
Hauschild + Boesel, München
Membrane structural analysis:
Engineering + Design GbR, Rosenheim
Contractor for the membrane:
Govertex GmbH
Material:
ETFE foil
Covered surface:
390m2
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Foldable Umbrellas
for Alden Biesen

The analysis of the fabric was
performed by Membrane
Ingéniérie (MI) with a
pre-tension of about 1kN/m
(average value for a conical
shape).
Three load cases have been
considered: self weight
+ pre-tension, self weight
+ pre-tension + wind pressure
(0.15kN/m2), self weight
+ pre-tension + uplift wind
(0.62kN/m2). Throughout the
design process, and especially for the detailing of the membrane a
close collaboration was established between MI, Ney & Partners,
Flanders Projects and Advising (FPA) and the Vrije Universiteit Brussel.
A lightweight PVC coated polyester fabric has been used (Ferrari
précontraint 502, 650gr/m2). A double layer was necessary at the
lower part of the conical shape.

The ‘Landcommanderij Alden
Biesen’ is a Cultural and
Training Centre owned by the
Flemish Community. The inner
court of the castle is used for
‘open air’ cultural
performances. The Ministry of
the Flemish Community decided
to explore the possibility to
cover the inner court by a
foldable roof.
Since the Castle is a protected
The Alden Biesen Castle
building, the additional construction had to be built with full respect to the renovated castle.

Ney & Partners designed four conical umbrellas, with their plan
inscribed in a square of 13.0m x 13.0m. Each of them are different,
none of them are a complete square due to the irregular shape of the
inner court. The umbrellas are placed on a pillar with a height of
about 10m. The individual pillars have a slightly different height
(9.25m up to 11.05m), in such a way that the four umbrellas overlap
with 1.5m in their open position. The own height of the umbrellas in
open position is about 3.0m. The conical shapes are placed upside
down, with the central ring at the lowest position.

Plan views of the different umbrellas

The operation of opening, closing and folding of the umbrellas had to
be fully automated.
It had to be verified that there is no configuration in any of the
movements where the membrane could be overstressed. Different
geometries as well as different paths of motion have been analysed.
The fact that the different umbrellas have different irregular plans did
contribute to the complexity of this verification, and hence the
complexity of the controlling mechanism.

The umbrellas at FPA

Each umbrella was completely pre-assembled at FPA, where the finetuning for the open position occurred: adjusting the connection of
the membrane with the pivoting arms to obtain the required
pre-tension. The assembled umbrellas were folded and transported to
the site, where they were placed on the top of the pillars. The
sequential opening of the four umbrellas takes about four minutes.

To close the umbrellas a central
folding caused by a vertical translation of the base points of the
pivoting arms is followed by a rotation, in such a way that the
membrane is ‘packed’ around the
arms and hold in position by
elastic ropes connecting the
boundary points (endpoints of
Pivoting arms of the umbrellas
the pivoting arms) and the central
ring underneath the conical
shape. To open the umbrella the reverse operation is performed. High
precision is required to ensure that the appropriate pretension is
reached when the membrane is in open position.

Name of the project:
Alden Biesen, Bilzen
Location address:
Kasteelstraat 6, 3740 Bilzen, Belgium
Name of the client / building owner:
Ministerie van de Vlaamse
Gemeenschap
Year of Construction:
2003
Structural engineers:
Ney & Partners NV
Contractor for the membrane:
Voilerie du Sud-Ouest (VSO)
Supplier of the membrane material:
Ferrari
Engineering of the controlling mechanism:
Flanders Projects
and Advising NV (FPA)
Material:
PVC coated polyester
Covered surface:
4 x 13m x 13m

The umbrellas at Alden Biesen
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Manufacturing of a Small Membrane
at Textile Roofs 2003
The edge cable pockets for this project were made in different ways.
Added diagonal strip: The diagonal
strip, with the recommended width,
was welded to the edge of the
membrane. The welding seam is a double layer and reinforces against
the abrasion from the edge cable.

The Textile Roofs 2003 Eighth International Workshop on the Design
and Practical Realisation of Architectural Membrane Structures took
place on 19-21 June at the Technische Universität Berlin, co-hosted by
TensiNet. The complete report by Josep Llorens is available on
www.tensinet.com. The main attraction this year was the fabrication
and installation of a tensile roof designed specifically for the event.
A five corner, high-low point tensile membrane was developed. It was
made from PVC-polyester and erected during the workshop. The
participants of the Textile Roofs Workshop learned about practical
handling and craftsmanship.

Hem
Pre-manufactured sleeve: The
pocket length was exactly measured
and prepared. Both ends of the
pocket need to be reinforced.
Before closing the pockets a reference line was drawn on the under
side of the membrane. This line is a guide for the hem and the prefabricated pockets. Most reinforcements were hot air welded. Big sizes
were High Frequency welded.

Different types of water guards are possible: with a flexible PVC-tube,
with foam inlay or with PVC-ribs. The first mentioned type was used
during the workshop. The advantages are that the sleeve can be
fabricated without the tube and that the tube can be pushed in the
sleeve on site, the tubes are mostly fire resistant and have a good
appearance on the structure.

With the EASY program a ‘free form’ (~5m x 3.5m) was generated
with a 0.5 kN/m prestess. The cutting panels were drawn, and
because of the free form there was no compensation required.
System lines without seam- and hem-allowances where developed and
send to the Textil Bau GmbH as EIN- and dxf-files. The panels were
numbered and the necessary seam- and hem-allowances were added
before computer cutting. A sail maker computer program was used,
but it can also be done by hand plotting. Textil Bau GmbH did the
cutting with a computer-controlled cutting machine on a vacuum flat
bed table.
Corners and borders were defined and the shop drawings made. The
system points were marked on the borders. The borders were cut to a
smooth curvature.

Perforations for clamping plates were done in the workshop according
to the specified plans. Corner plates and edge cables were installed on
site.

The Swedish company FIAB provided the workshop with a 5 kW High
Frequency welding machine. This machine is able to weld all seams,
hems, edge cable pockets and reinforcements.

Removable anchors had been placed beforehand. The finished
membrane was erected on Saturday the 21.06.2003 on the campus of
the Technical University Berlin.
This special workshop could only be realized through several sponsors:
TU-Berlin
Pfeifer Seil & Hebetechnik GmbH,
Technet, Form finding with EASY
Edge-and suspension cables
Ferrari, PVC material
Textil Bau GmbH, manufacture for
Fiab, HF Welding machine’s
the membrane
Keseas, Earth anchor systems
info@textilbau.de
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Completely Open Foldable Tent Construction,
still Closable in Strong Wind
is in construction for a solar telescope with 1.5m diameter mirror on the
Canary Island of Tenerife with similar weather conditions as on La
Palma. A German consortium of solar research institutes will operate this
telescope named Gregor. It will include several improvements compared
with the DOT-tent, like double cloth for better isolation and improvement
of the sealing around the ends of the bows with drive machinery.
Also this larger tent is built by the cooperation of the Astronomical
Institute Utrecht and the Delft University of Technology. We are
planning further development of this tent construction in two
directions. First, there is interest in large tents of a diameter between
20 and 30m for larger telescopes, for instance a multi mirror solar
telescope with an effective resolution of 10m. Second, further technical
development of smaller tents such that they become a reliable
construction at a reasonable cost. This requires a measuring program
for getting more precise information about the loads and deformations
both during opening and closing under strong wind and when closed
under heavy storms, such as occur on mountaintops. It is expected, that
the measuring results will lead to more precise calculations and
important design improvements. We are looking for more contacts,
which would be interested in these developments.

Telescopes have to operate in the open air without any objects nearby
to reach the highest spatial resolution. Temperature fluctuations in the
surrounding air, caused by nearby objects with slightly different
temperatures, are the source of image deterioration.
Not only an open location but
also the wind reduces the temperature fluctuations. Consequently, astronomical telescopes
- often in mountain areas - have
also to operate in hard wind. In
case of rain, a surrounding cloud,
ice deposition or storm (Figure
1), a protective enclosure has to
be moved over the telescope.
A new solution is a foldable tent
construction based on spanning
the cloth between movable but
still very stiff bows. The cloth
parts are spanned in saddle
shape for maximum stability
against wind. Experiences with a
first very experimental tent with a
Figure 1: The DOT after ice formation by
diameter of 7m for the Dutch
clouds. The cloth is relatively clean from ice.
Open Telescope (DOT) at a
height of 2350m on the Canary Island La Palma are promising.
The design of the DOT-tent was a cooperation of the Astronomical
Institute Utrecht and the Central Workshop DTO of the Delft University
of Technology. The DOT-project in general was supported by a STWgrant. The Central Workshop in cooperation built the tent with several
Dutch firms for the fabrication of essential parts like the tent-cloth, the
rubber profile for the tent seal and the actuator units for moving the
bows. Test assembly was at the workshop in Delft, see Figure 2a (for the
tent closed) and Figure 2b (for the tent in an open position).

Figure 3: Tent closed on top of the DOT-tower
at the observatory on La Palma.

Figure 2a: Test assembly of DOT-tent at the
workshop in Delft, tent closed.

Figure 2b: Test assembly of DOT-tent at the
workshop in Delft, tent open.

Figure 3 shows the tent closed on top of the DOT-tower at the
observatory on La Palma. Figure 4 shows the tent open while the DOT
is observing the sun. Figure 5 shows a close-up of the open tent around
the DOT.
There was a lot of scepticism from the surrounding scientific world
whether the DOT-tent would survive the severe weather situations that
occur at the observatory on La Palma during wintertime. Now the tent is
in safe operation for a couple of years, the scepticism changed into a
serious interest in the tent construction. A larger tent of a diameter of 9m
Name of the project:
Location address:

Name of the client / building owner:
Year of Construction:

Figure 4: Tent open, while the DOT-telescope is
observing the sun.

Figure 5: Close-up of the open tent around the DOT-telescope.

R.H.Hammerschlag@astro.uu.nl & http://dot.astro.uu.nl

Dutch Open Telescope
Observatorio del Roque
de los Muchachos
Canary Island La Palma
Astronomical Institute
of the Utrecht University
1997

Structural engineers:
Contractor for the membrane structure:

Astronomical Institute Utrecht
Central Workshop DTO
Delft University of Technology
Supplier of the membrane material:
Poly Nederland Wezep
Engineering of the controlling mechanism: Astronomical Institute Utrecht
Material:
PVC coated polyester
Covered surface:
Diameter 7m
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Within the course of the German Unification traffic project,
the ICE Erfurt-Leipzig/Halle
railroad line has been extended
as part of the ICE NurembergBerlin railroad line. One requirement for modern traffic
systems is the linkage of the
means of transportation in
corresponding traffic centres as
well. Now, a traffic centre is
being built at the enlarged
Leipzig/Halle airport, which
connects individual traffic
(passenger cars/motor highway)
with the railroad and air traffic.

Textile Architecture
for the Junction between
Air, Rail and Road Traffic
at Airport Railway Station
Leipzig / Halle

Equipment elements are always
located in the centre field in the
area of the collar ropes. Signs
always refer to the axis of the
arched main trusses and at an
equal distance to the platform.

It was the architects’ goal to
achieve a wide-spanned visual
effect that includes the closest
possible linkage with other
traffic carriers and through the
development of new signs.

CENO TEC was awarded the
order for the planning, manufacture and installation work of
the membrane roof.
CENO TEC charged the
offices of IF, KonstanzReichenau with the planning
of the works.

The following aspects promoted
their selection of a membrane
material:
- contrast to the structures
build above
- signal effect of the roof by the
form language, the platform
roof is distinguished from the
roof of the airport building,
orientation from outside but
also from within the airport
building is easier.
- the translucence of the material in particular also provides an effect through the
indirect illumination at night
- feeling of safety for the users
due to the light, translucent
shell
The amorphous shape of the
roof develops from the
amorphous form of the platform
and of the course of the tracks.
The platforms are slightly curved,
making it possible for the train
conductor to have the whole
train at the platform under control. In addition, the terrain is
slightly sloped. While maintai-

The steel structure has a dark
colour coating as a contrast,
and for the floor coating as well
a dark colour was selected as a
contrast to the membrane. The
architecture is bounded by the
essential functions: the
equipment of the platforms was
organised according to the
structure of the roof.

- the colour of the material and
surface quality played a role
- the durability of the material,
even under high and sudden
wind loads during train
traffic, was important
Due to the above specifications,
a PTFE-coated glass fibre fabric
was selected.

ning a roster area of 14 metres,
the amorphous form means that
all membrane fields have a
different geometry for each of the
arched main trusses. It can easily
be understood that also the
arrangement of the cuts should
be even so that a total of 132
different cuts is the end result.

The requirements for the steel
works planning were used as the
basis for the planning of the
works of the membrane. IF
modelled the membrane shape
based on the statics using the
EASY software of technet
GmbH. Reference statics of the
membrane to the overall statics
were calculated to ensure that
the membrane and the loads of
the EASY model contributed by
the membrane to the steel
structure are consistent with
those of the overall statics.

www.ceno-tec.de

For the selection of the
materials, different aspects were
decisive:
- the operation of the station
must be disturbed as little as
possible by maintenance and
cleaning works; thus a
material with a high selfcleaning effect was required.
- the fire prevention authorities
required a non-combustible
material

Client:
Architects:
Consultant Engineers:
General Contractor:
Specialist Contractor:
Membrane Detail Design:
Fabric:
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DB Netz AG / DB Station & Service AG /
DB Projekt Verkehrsbau GmbH
AP Brunnert Plan GmbH
Schlaich Bergermann & Partner
Walter Bau AG
CENO TEC GmbH
Textile Konstruktionen
IF Ingenieurgemeinschaft
Flächentragwerke
ss-fibre GF18089 modified
Verseidag-Indutex GmbH

ACADEMIC
INSTITUTIONS

partners

TensiNet will assemble a list of universities dealing
with Textile Architecture in terms of research and/or education.
They will be mentioned one by one in TensiNews.

Buro Happold Engineers
www.burohappold.com
Canobbio S.p.A.
www.canobbio.com

DEPARTMENT OF ARCHITECTURE
Vrije Universiteit Brussel
The Faculty of Applied Sciences
(~60 full time professors and
~60 part-time lecturers) offers
the degrees of Constructional,
Chemical, Material Science,
Electrical, Mechanical-Electrical
Engineering and EngineeringArchitecture (a full-time five-year
curriculum). The Faculty is a
young one, and although one
may point out the lack of
tradition, it stands for a dynamic
and innovative spirit.
Most of the research projects are
a co-operation between the VUB
and a federal institution, industries, the European Commission
or an international organisation.
The research in the Department
of Architecture concentrates on
- Formfinding and design of
tensile structures
- Contemporary design strategies and pedagogical methodologies in architectural education
- Renovation and fire safety of
buildings with steel structures

Current research topics related
to tensile architecture are
- Adaptent: Adaptable belt nets

Ceno Tec
www.ceno-tec.de
Club de
la Structure Textile
syndicatbaches.free.fr

- Deployable membrane structures tensioned by pleated pneumatic artificial muscles

European Council for Construction
Research, Development and Innovation www.eccredi.org

Engineering Systems
International S.A.
www.esi.fr
Newcastle University
www.staff.ncl.ac.uk/
p.d.gosling
Institut Français du Textile
et de l'Habillement
www.ifth.org
Laboratorium Blum
Messe Frankfurt/Techtextil
www.techtextil.de
Michael Hopkins
and Partners

- Scissor hinged foldable
structures

Michael Hopkins
and Partners
www.hopkins.co.uk
Ove Arup and Partners
www.arup.com
Universidad Poletécnica de
Madrid www.aq.upm.es
SL-Rasch GmbH
www.sl-rasch.de

- General applicable material
systems for shelter interventions in emergency situations
Student projects also
concentrate on thermal aspects,
lighting and climatic design.
Address:
Telephone number:
Fax:
E-mail:
Web:

Pleinlaan 2, 1050 Brussel
+32 (0)2 629 28 45
+32 (0)2 629 28 41
marijke.mollaert@vub.ac.be
http://wwwtw.vub.ac.be/arch/

L I T E R A T U R E
Designing Tensile Architecture

Taconic International
www.taconic-afd.com
technet GmbH
www.technet-gmbh.com
Technical University
of Berlin
www.survey.tu-berlin.de
Tensotech Consulting
www.tensotech.kpnet.com
Tentech
www.tentech.nl
University of Bath
www.bath.ac.uk/departments/
arch/csemwebpage/light.htm
University of Nottingham
www.nottingham.ac.uk/sbe
Vrije Universiteit Brussel
http://dtwws1.vub.ac.be/arch/
team/mm.htm

IL 15 - Air Hall Handbook / Lufthallenhandbuch

Marijke Mollaert VUB Brussels
English • 276p. • 200390-9017-344-7 • EUR 60

IL • English / German • 400p. • 1982 • 3-7828-2015-0• EUR 31

The TensiNet Symposium has been organised after two and a half years
of activities of the TensiNet Thematic Network. It has been an event,
which allowed architects, engineers, constructors, material suppliers and
building owners to keep up to date with the technological evolutions in
this field. Besides basic information on form finding and structural
behaviour the symposium brought together relevant points of view
related to current fields of research like wind loading estimation and
effect, risks of failure, new materials, patterning, detailing, environmental
aspects and the ultimate integration of all these aspects in a single or
layered membrane skin. Some presentations were
related to topics, which will be considered in the
first specific Design Guide for Europe, to be printed
by TensiNet in 2004. The proceedings prove that
Tensile Architecture is a field in full expansion, and
that further applications on earth as well as in the
air and in space will evolve. The proceedings can be
ordered at marijke.mollaert@vub.ac.be

As with all other building structures, pneumatically prestressed
membrane structures (air halls) can be built with a high level of safety
and a long service life. The art of building lies in the correct allocation
and dimensioning of material and form, depending on the task,
location and the anticipated period of operation.
The air hall handbook is made up of four parts ‘Architectural and
Structural Design’, ‘Engineering’, ‘Manufacturing’ and ‘Annex’. The
handbook does not state how air halls can be turned into objects of
architecture, it is intended to
provide craftsmanlike and
technical principles. Because
skillful handicraft together with
extensive knowledge has always
been the basis of architecture.
The air hall handbook can be
ordered at daniela.mayr@ilek.unistuttgart.de
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